Feeding by Chironomusplumosus (L.) larvae on sedimentary microbiota was studied in eutrophic Vallentunasjiin, where microbial biomass constitutes a large portion of sedimentary organic matter. The life history of C. plumosus consisted of two univoltine cohorts with an overall production of 1.4 g ash-free dry wt m-2. Gut concentrations of bacteria, Microcystis, and Melosira were several times higher than sedimentary concentrations, indicating that the larvae are foraging selectively. Assimilation of bacteria and newly scdimentcd Melosira cells on average accounted for 1 I and 49% of the estimated carbon requirement (production + respiration) of the larvae. Digestive efficiencies for bacteria and Melosira seasonally averaged 43 and 34%. "Over-wintering" Microcystis colonies, which constitute the dominant proportion of microbial biomass in the sediments, were used to a small extent if at all as a carbon source by the chironomids. Ifa decrease in autofluorescence intensity of cells during gut passage is indicative of partial digestion of the cells, Microcystis was used with a digestive efficiency of 9% and accounted for -10% of the carbon requirements of the larvae. On the basis of ambient Chironomus densities, gut passage time, enrichment factor (gut vs. sedimentary density of bacteria), and digestive efficiency, chironomid grazing is not a dominant sink for sedimentary bacteria in Vallentunasjon. The feeding activity of Chironomus larvae decreased bacterial densities but increased the cell-specific production in laboratory experiments. The decrease was not proportional to grazer density, indicating that indirect effects of the chironomids (on sedimentary structure and chemistry) also affect the abundance of bacteria.
Pelagic detrital pulses (especially sedimenting plankton) are thought to drive profundal benthic production.
The quantitative importance of sedimenting material vs. the ambient sediment microbial community in the nutrition of profundal detritivores, however, remains equivocal.
The profundal zoomacrobenthos of temperate lakes is often dominated (in numbers and biomass) by the ubiquitous Chironomus group of sediment-ingesting larvae. These animals are tubicolous and can be .---l Current address: National Environmental Protection Board, Environmental Quality Laboratory, Box 7505, S-750 07, Uppsala, Sweden.
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classified functionally as collectors-gatherers or collectors-suspension feeders (i.e. animals that feed on surficial sediments or suspended matter). The predominance of
Chironomus larvae in profundal benthic communities of nutrient-rich lakes suggests that they may be important not only as community members, but also as agents of nutrient cycling.
C>ther than the role of bacteria as a potential food resource for detritivores (e.g. Findlay et al. 1984; Carman and Thistle 1985; Kemp I 987) , little is known of interactions between bacteria and their macrofaunal consumers (e.g. Brinkhurst and Chua 1969) . It has been postulated that bacterial grazers may indirectly affect bacterial populations through particle degradation (i.e. increasing particle surface area and thus substrate availability, defecation, excretionsecretion, bioturbation, alteration ofthe microbial community) or may stimulate bacterial growth directly through grazing. For example, a constant rate of removal of bacterial cells should enhance overall bacterial population production if density-regulated mechanisms exist (Fenchel and Jorgensen 19'77; Fry 1982) .
This study was performed to investigate the feeding of Chironomus larvae in a eutrophic lake where living biomass constitutes a large portion of sedimentary organic matter and to elucidate whether invertebrate grazing has a significant influence on bacterial abundance and production in the sediment.
Materials and methods
Lake description -Vallentunasjiin is a shallow (mean depth 2.7 m; maximal depth 5.0 m), eutrophic lake situated about 20 km north of Stockholm, Sweden. The lake has a surface area of 6.1 km2, a drainage area of 50.7 km2, and an average water renewal rate of 0.6 yr-' (Bostriim 1988) . The lake is usually homothermal and stratifies only occasionally during the ice-free period (May to early December).
Sewage effluents were diverted from the lake in 1970, but it has remained highly eutrophic due to a high internal loading of nutrients from the sediment during summer. The recovery process of the lake has been followed since 1976; monitoring has included water chemistry, chlorophyll a, and, since the early 198Os, biomass and taxonomic composition of phytoplankton (Ahlgren, annual technical reports available at the Institute of Limnology, Uppsala; Ahlgren 1988; Bostrom et al. 1989) .
The seasonal succession of phytoplankton is normally characterized by a spring peak of diatoms, in most years dominated The summer peaks of total phosphorus and nitrogen were about 200 pg liter-' and 2.2 mg liter-I.
Surficial sediments over large areas of Vallentunasjijn have high water content and a high content of organic matter. At the sampling site, the central area where the lake has its maximal depth, the water content in the O-l -cm layer of sediment during the investigation was -96% and the carbon content was 13-l 5%. The minerogenic content has been characterized as silty clay (Bostrijm 1984 (Bostrijm , 1988 .
Microbial biomass in sediments of accumulating bottom areas is very high. Biomass carbon has been estimated to constitute up to -8% of the total carbon content (Bostrom 1988) . The microbial biomass is evenly distributed in the upper 5 cm of the sediments. "Overwintering" Microcystis colonies constitute a dominant proportion (60-90%) of the microbial biomass in surficial sediments at all seasons. In 198 5 benthic biomass of cyanobacteria in the upper 1 O-cm layer throughout the year, on an areal basis, was similar to or larger than pelagic biomass during the peak bloom (Bostrijm 1988; Bostrijm et al. 1989) . Diatoms are rapidly mineralized upon sedimentation. Cell frustules containing autofluorescent material are found only in the uppermost sediment layers (O-2 cm) some weeks after sedimentation events (Bostrijm et al. 1989) . Bacteria vary in abundance over the year within a range (3-15 x lOlo g-l DW) normal for highly eutrophic lakes (Bostrom 1988; Bostrijm et al. 1989 ).
Field studies-Bottom faunal samples were collected from 4.5-to 5-m depth on six occasions from July to December 1986. Five replicate samples were taken on each sampling date with an Ekman sampler (256 cm2), sieved through a 200~pm mesh, and preserved in 4% Formalin. On 23 July, 16 September, and 3 November additional Ekman samples (-5) were collected for Chironomus gut content analyses. The samples were sieved through a 600~pm mesh and the Chironomus larvae removed, anesthetized with CO,-saturated water to inhibit regurgitation of gut contents (Burns 1968) , and preserved in 4% Formalin.
Gut content analysis was performed on the anterior (&) and posterior (1o/10; the rear '/lo of the midgut) midgut sections of fourth instar larvae according to Johnson (1987) , with six individuals analyzed for each sampling date. Chironomus plumosus instars and cohorts were separated with head capsule and mentum widths. The volume of each section was determined from direct measurements (length and diameter) of the gut bolus enclosed in the peritrophic membrane. The exposed gut contents from the respective sections were diluted to 10 ml with sterile 4% Formalin, transferred to glass vials (25 ml) by a Pasteur pipette, and dispersed with an ultrasonicator (Ultrasonics Ltd.) at 100 W and 20 kHz for 2 min in an ice bath.
Five milliliters of the preserved gut content sample was analyzed for bacteria, and (Johannsson and Beaver 1983) . Surficial sediment (O-l cm) and quantitative phytoplankton samples were taken on the same dates and from the same site as the C. plumosus larvae collected for gut content analysis. Sediment core samples, collected with a modified Kajak sampler, were sectioned and water content determined.
Bacteria, Microcystis spp., and Melosira sp. were enumerated as described for Chironomus gut content analysis, although sonication routines were slightly different (Bostram 1988) . Phytoplankton samples from O-2-m depth, taken with a Plexiglas tube (2 m :< 4 cm) and preserved with Lugol's solution supplemented with acetic acid (Throndsen 1978), were counted with the technique of Utermijhl ( 19 5 8).
Chironomus plumosus production was estimated from growth expressed as mg ashfree dry weight (AFDW) ind.-1 and survivorship (ind. m-2) curves with the increment-summation method (Benke 1984) . The four instars were separated by widths of head capsule and mentum. Chironomus plumosus biomass (mg AFDW ind.-') was derived with the length-weight relationship previously determined for this species (Johnson 1984) .
Chironomus plumosus respiration between sampling intervals was estimated from the mean biomass (mg AFDW ind.-') and number of days during the interval. Respiration estimates were based on the data of IRipley (1980), who studied the relationship between C. plumosus respiration and temperature. A respiratory rate of 1.2 pg O2 (mg DW)-1 h-l was used for 25 June-16 September and 0.5 pg O2 (mg DW))' h-l from 17 September-8 December. Assuming a respiratory quotient of 0.90 (CO2 evolved/ O2 consumed), we converted 0, consumed to carbon (1 pg of O2 consumed = 0.34 r.lg C released). Both production and respiration were converted to units of carbon (mg C rnB2 d-l) assuming that carbon constitutes 50% of AFDW (cf. Jorgensen 1979).
Food availability (i.e. bacteria, Microcystis spp., and ikfelosira sp.) was calculated from Chironomus anterior midgut cell counts. Bacterial biomass was calculated by multiplying cell numbers (cells mm-3) by the mean sediment bacterial cell volume (pm3 cell-l) and converted to carbon assuming 2.2 x lo-l3 g C pm-3 (Bratbak and Dundas 1984) . Microcystis spp. biomass was calculated with cell numbers, cell volumes, and a dry weight of 4.4 x lo-l3 g pm-3 (Reynolds et al. 198 l) , assuming a carbon content of 50%. Melosira biomass was calculated from cell numbers and cell volumes, assuming 1.7 x 1 O-I3 g C pm-3 (calculated from Reynolds 1984) . Consumption (mm3 ind. -l d-I) was estimated with gut passage time and a linear relationship between C.
plumosus body length (mm) and gut volume (mm3): y (mm3) = -1.15 + 0.14x (mm); r = 0.79, n = 86. Data for determining the relationship between total body length (from the tip of the extended labrum to the tip of the anal gills) and midgut volume was taken from Johnson (1986) . In calculating C. plumosus consumption, we used mean body length per cohort. Chironomus gut filling time at 19°C (ambient temperature during July) was determined to bc 1.5 h (see below).
For the September and November samplings, when temperatures were 11" and 5"C, Johannsson's (1980) values of 4.0 h (September) and 32 h (November) were used.
Laboratory studies-A laboratory study was designed to investigate the potential importance of chironomid grazing on Vallentunasjon's sediment microbial community. Experimental densities ranged from 0 ind. rnB2 through 500-2,000 ind. m-2, about equaling ambient conditions, to high densities (20,000 ind. mM2) where it was estimated that Chironomus feeding intensity would consume the entire volume of test sediment during the experiment.
Chironomus plumosus larvae collected from 4.5-to 5-m depth in Vallentunasjiin and allowed to acclimate at 19°C for 1 week were used in the laboratory feeding experiments. Sediment (top O-2 cm) and water samples collected from the same site as Chironomus and stored dark, at 4"C, were used as experimental substrates. Glass aquaria with 1.2 cm of homogenized sediment (transferred by syringe) and 2 cm of lake water served as experimental vessels. Controls and experimental densities of 2,000, 6,000, and 20,000 ind. m-2 were obtained by placing 0, 1, 3, and 10 individuals in glass aquaria with inner areas of 5 cm2. One chironomid per aquarium with inner areas of 10 and 20 cm2 resulted in densities of 1,000 and 500 ind. mH2. At the start, sedimentary bacterial abundance (acridine orange stained direct counts) and production ([3H]thymidine incubation) were determined for an aliquot of the homogenized sediment according to Bell and Ahlgren (1987) who studied production of sedimentary bacteria in Vallentunasjon.
After 10 d in the dark at 19"C, the water was decanted, chironomids were picked from the sediment, and the number of pupae and dead larvae per aquarium recorded. Bacterial abundance and production were determined as described above. Analyses were not performed on sediments from aquaria that contained dead larvae.
Chironomus plumosus gut passage time was measured using chironomids and sediment collected from Vallentunasjijn. Two chironomids, 5 g wet weight (WW) sediment, and 5 ml of lake water were added to each aquarium (i.d. 5 cm2) and placed in the dark at 19°C. The Chironomus larvae were added to the aquaria -40 h before the experiment to allow ample time for behavioral adaptation, e.g. tube construction. Additional sediment was marked with fluorescent particles (2-7 pm, sp gr 1.4; Radiant Color, Richmond, California) according to Carey and Lopez (1982) . At the start of the cxperimcnt 0.5 g WW of marked sediment was added to each aquarium without mixing. The marked sediment formed a surficial layer. After addition of the marked sediment, the contents of three aquaria (six chironomids) were anesthetized with CO,-saturated water and preserved in 4% Formalin every 20 min. Chironomus alimentary tracts enclosed in visceral tissue were removed, placed on microscope slides, examined with an epifluorescence microscope at low magnification, and the length of gut containing marked sediment (marked gut bolus/total gut length) was measured. Only chironomids with intact alimentary tracts after preparation were examined.
Results
The life history of C. plumosus in Vallentunasjon consisted of two univoltine cohorts (Table 1 ). The spring cohort (offspring of those animals which presumably emerged following spring ice-out) ranged from 784 ind. m-2 in June to 72 in December. The spring cohort had a mean 'biomass of 260 mg AFDW' m-2, the greatest production (370 mg AFDW m-2) between June and July, and an overall production of 0.8 g AFDW m-2. The summer cohort ranged from 1,420 ind. rnw2 in September to 408 in December. This cohort had a mean bio- mass of 380 mg AFDW m-2, the greatest production between September and November (430 mg AFDW m-2), and a total production of 0.7 g AFDW nl-2. Seasonally., the production of profundal C. plumosus larvae amounted (June-December) to 1.5 g AFDW m-2.
Cyanobacteria dominated the phytoplankton community during the study (Fig.  1 A, B) . In July, cyanobacteria comprised 7 5% of total phytoplankton biovolumes (10.6 mrn13 liter-l), with Microcystis (2.7 mm3 liter--*) accounting for 26%. By September the algal community increased to 18.1 mm3 liter-', composed for the most part of Cyanophyceae (38%), Bacillariophyceae (3 lo/o), and Cryptophyceae (26%). At this time the biovolume of the M. granulata population had increased to 4.9 mm3 liter-1 (27%) and Microcystis to 6.0 mm3 liter-l (33%). By November the algal community had decreased to 7.7 mm3 liter-l, with Cyanophyceae (viz. Microcystis; 3.0 mm3 liter-I) and Cryptophyceae (viz. Cryptomonas cf. ovata; 1.9 mm3 liter-l) predominating. The taxonomic composition of phytoplankton during summer 1986 differed when compared with most previous years, in ywhich cyanobacterial (Microcystis) dominance was more pronounced.
!Surficial sediment abundance of Microcystis spp. and M. granulata biovolumes (Fi.g. 2A) showed no systematic covariation with their phytoplankton predominance (Fig. 1B) . Other species that occasionally co,dominated phytoplankton biomass (e.g.
Anabaena sp. and Cryptomonas sp.) never constituted a significant part ofthe sediment biota, presumably due to pelagic mineralization. Microcystis and Melosira biovolurnes of C. plumosus anterior midgut contents, on the other hand, coincided with seasonal variation of pelagic algal biovolume (Fig. 2B, 1B showed that bacteria ranged from 7.3 x 1 O6 cells mm-3 in November to 10.4 x lo6 in July (Fig. 2B) . Digestive efficiencies for bacteria averaged 43% (Fig. 2B, C Melosira-ME; strong fluorescence--S; weak fluorescencc-W; frustules containing autofluorescent material-A; empty frustules-E. mg C me2 d-r), with Microcystis and MeZosira accounting for 0.0 15 and 0.048 mg C m-2 d-r. During July-November, the spring cohort had a daily carbon requirement of 4.1-5.7 mg C m-2. Between July and September bacteria constituted -2 1% of the average daily carbon requirement for C. plumosus, while Microcystis accounted for 14% and Melosira 84%. Overall, bacteria, Microcystis, and Melosira contributed to 11% (range 4-2 l%), 9% (range 5-14%), and 49% (range 24-84%) of the estimated carbon requirements (production + respira- The gut passage time of C. plumosus at 19°C was estimated at -90 min (Fig. 3) . After an initial lag (-20 min), ingestion of marked sediment particles seemed to be linear. Within loo-120 min after the start of the experiment, chironomid gut tracts were completely filled with fluorescently marked sediment particles.
Chironomus grazing pressure markedly affected both bacterial abundance and production in the laboratory experiment (Fig.  4A, B) . Bacterial densities in the control 100 1 0 Gut full .-+ Gut empty aquaria averaged 8.1 x 10 lo cells (g DW)-l, densities were somewhat higher at the lowest grazing mtensity studied (500 ind. m--2), 10.0 x lOlo cells (g DW)-l, and bacterial abundance decreased to between 5.0 x lOlo and 6.6 x lOlo cells (g DW)-1 at 1 ,OOO-20,000 ind. m-2. Bacterial numbers were significantly different from control aquaria at Chironomus densities of 1,000, 2,000, and 6,000 ind. In2 (Mann-Whitney U-test; P <: 0.05). At 20,000 ind. m-2 bacterial numbers were lower than controls, but not significantly so (Mann-Whitney U-test; P < 0.10). In addition, it was noted that at grazer densities up to 6,000 ind. m-2 the Chironomus larvae constructed sediment tubes, whereas at the highest density studied (20,,000 ind. nl-2), no tubes were made. Hence these larvae may have been experiencing stress. Bacterial production increased with chironomid densities from 500 to 20,000 ind. m-2, but production was significantly higher than in the control only at the highest density (20,000 ind. m-2). Though bacterial production decreased initially, 3.3 pg C (g DW)-' h-' at 500 ind. terial production at 500 ind. m-2. When bacterial production per cell was calculated, however, cell-specific production at densities of 1,000, 6,000, and 20,000 ind. m-2 was significantly higher (Mann-Whitney U-test; P < 0.05) compared with 500 ind. m-2 (Table 3) . Cell-specific production at 2,000 ind. m-2 was higher (P < 0.10) than at 500 ind. m-2; note that only two replicate samples were analyzed at 2,000 ind. m-2.
Discussion
Carbon budget estimates for C. plumosus in Vallentunasjon showed that bacterial carbon was not sufficient to fulfill the dietary requirements of this species. At best, bacterial carbon, excluding cyanobacteria, accounted for 2 1% of the production and respiration of Chironomus. This finding, viz.
that bacteria are not the primary food source Table 3 . Cell-specific production estimates (fg C cell-' h-l) of sediment bacteria at varying Chironomus densities, at day 10 in the laboratory experiment. Bacterial, cell-specific production at larval densities of l,OOO-20,000 ind. m-2 were compared with 500 ind. me2. Asterisks (Mann-Whitney U-test): *-P < 0.10; *u-p < 0.05. of deposit-feeding macroinvertebrate detritivores agrees with earlier studies (e.g. Cammen 1980; Findlay et al. 1984; Kemp 1987) . The finding that bacteria constituted up to a fifth of the deposit feeder's carbon diet is, however, high compared with other studies. This disparity presumably is due to the high sedimentary bacterial densities in eutrophic Vallentunasjon compared with the previously studied marine systems.
Several studies have demonstrated the importance of phytoplankton succession and the subsequent temporal variation in algal detrital pulses to Chironomus growth and production (e.g. Jbnasson 1972; Kajak 1977; Johannsson 1980; Johnson and Pejler 1987) . Though often cited as an important food resource, however, algae usually constitute ~4% of gut content (Moore 1979; Rasmussen 1984; Johnson 1987) . Nevertheless, much growth of profundal chironomids in temperate lakes occurs during short periods in spring and autumn where a peak of sinking algae (i.e. diatoms) coincides with high oxygen concentrations (e.g. Jonasson 1972). Whether profundal macrobenthos are using nutrients extracted directly from algae is unclear. The finding that algal carbon (especially Bacillariophyceae) quantitatively is an important food source for the Chironomus larvae in Vallentunasjijn supports the earlier, more qualitative studies.
The quantitative importance of Microcystis as food for Chironomus larvae seems dubious. As mentioned above, the assumption that weakly fluorescent cells in the posterior midgut region are indicative of partial digestion may be incorrect; thus Chironomus may not be using this species as a carbon resource. On the other hand, if the assumption is correct and Microcystis is partly used as food, its quantitative importance as a carbon source is still small. Other workers have found Microcystis to be a poor food source (e.g. Kajak and Warda 1968; Hargrave 1970) . Similarly, Johannsson and Beaver ( 19 8 3) found Microcystis for the most part to be unsuitable food for Chironomus larvae in Lake Ontario. When this species was in a late stage of development (aging or dying), Johannsson and Beaver (1983) found, however, that digestive efficiencies increased.
Gut content analysis of Chironomus showed that the larvae are selectively ingesting surficial sediment or material suspendcd immediately above the sediment surface. A flocculent surface layer formed by newly sedimented material and surface sediments resuspended by wind-induced turbulent currents and bioturbation may be of high food quality, especially if it contains living biomass. Selective feeding on such a layer may be an important explanation for the high enrichment factors found in this study (especially for Melosira). This flocculent material is partly suspended above the sediment surface and thus incompletely included in sediment analysis. It is noteworthy, however, that the vertical gradient of microbial biomass between the O-l -cm layer and the l-2-and 2-5-cm layers in the sediment is normally small in this lake (Bostrijm 1988) . The enrichment factor of 5.2 found for bacteria may also bc due to a higher bacterial abundance in tube walls as compared with surrounding sediment (Reichardt 1988) . Generally bacteria and meiofauna seem to be enriched in the microenvironment adjacent to tubes (Reichardt 1988) . In addition, the enrichment factor for bacteria may be partially explained by the association of heterotrophic bacteria with the mucilage of Microcystis colonies (Bostrijm et al. 1989) . Bostrijm et al. (1989) have shown that bacteria embedded in the mucilage of Microcystis colonies ranged from 8.1 to 4 1% of total sedimentary bacterial numbers.
Overall, "living" sediment biomass accounted for a substantial proportion of the carbon needs of Chironomus. For example, between July and September assimilation of bacteria, Microcystis, and Melosira biomass constituted 119% (spring cohort) of the estimated carbon requirements of the chironomids. The quantitative importance of sedimentary living biomass for Chironomus decreased between September and November (i.e. 33 and 55% for the spring and summer cohorts). These lower values in late autumn may, however, be an artifact of the assumed lower feeding intensity during this period. In our calculations we used a gut passage time of 32 h (Johannsson 1980 (Bostrijm et al. 1989) . By being embedded in the gelatinous sheath of Microcystis colonies, these bacteria may be unavailable as food. Although bacteria are not the predominating carbon source for Chironomus larvae in this lake, they may be qualitatively important in fulfilling essential dietary requirements (e.g. vitamins).
The grazing activities of Chironomus larvae negatively affected bacterial densities. Bacterial production was higher than in the control only at the highest chironomid density (20,000 ind. m-2). In the range of 500-20,000 ind. mP2, however, increased grazer density caused increased bacterial production. Moreover, at grazer densities of 1 ,OOO-20,000 ind. me2, the specific production per cell was higher than with 500 ind. m-2. Though earlier studies have speculated that grazing pressure stimulates bacteria (Fenchel and Jorgensen 1977; Fry 1982; Mon-tagna 1984) , the mechanism responsible is not clear. Chironomus larvae, through tube construction and foraging, are known to cause significant changes in sedimentary structure. In the grazing experiment, although no particle size comparisons' were made on control and test sediments, it was noted that sediments at high chironomid densities appeared more flocculent compared to controls. Hence, bacterial growth may have been influenced indirectly by mechanical disturbance and subsequent physical and chemical alteration of sediments during the laboratory experiment.
The importance of direct (e.g. stimulatory) interactions between bacterial feeders and bacteria is poorly understood. Hargrave (1970) suggested that macroinvertebrate grazing may stimulate bacterial activity, and studies have shown that grazing does not reduce bacterial numbers except at very high predator densities (Hargrave 1970; Moriarty et al. 1985) . Chironomus larvae affected both bacterial abundance and production during the 10-d experiment. Based on gut passage time, enrichment factor (gut vs. sediment density of bacteria), and digestive efficiency (July values) and assuming a density of 2,000 ind. m-2, it was found, however, that the bacterial generation time that might bc imposed by Chironomus grazing was 48 d. Bell and Ahlgren (1987) found that the average generation time of sedimentary bacteria in Vallentunasjijn was 2-7 d between June and August. Thus predation pressure by Chironomus larvae does not seem to dominate in situ bacterial growth rates in this lake.
Changes of bacterial abundance with time arc dependent on the balance of bacterial production with removal. This relationship can be expressed as Bt = 48 exp[(k -k$l where B, is bacterial abundance at time t, ki the bacterial growth coefficient, and k, the bacterial elimination coefficient. If removal by grazing can be distinguished from other factors, the relationship can be expressed as B, = he exP [(k -L -k&l where kg is the coefficient for elimination by chironomid grazing and kOc the coefficient for elimination by other factors. These factors include grazing by meiofauna and microfauna, spontaneous lysis, and lysis induced by viral or bacterial infection (Servais et al. 1985) . A grazing elimination coefficient can be calculated from the field study (digestive efficiency and bacteria enrichment factor) and the gut passage time (Table  4) . In Table 4 , a comparison is made between this "expected" grazing elimination coefficient (kg field) calculated from chironomid population parameters and the same coefficient calculated from bacterial community parameters in the laboratory experimcnt (kg lab). In the latter calculations the simplifying assumptions were made that elimination other than from Chironomus grazing was the same in the test aquaria as in the controls and that the bacterial growth coefficient was constant over the experimental period and was thus calculated from the bacterial production estimates in the different aquaria at day 10.
The negative grazing coefficient found for chironomid densities of 500 ind. m-2 indicates that the coefficient used for "other elimination" is questionable, especially for those aquaria with differing volume from the control aquaria, i.e. 500 and 1,000 ind. m-2 (controls consisted of glass aquaria with inner diameters of 5 cm2). At grazer densities of 1,000 ind. m-2, however, good agreement was found between the "expected" grazing coefficient and that estimated from the laboratory study. Further, grazing coefficients estimated from the laboratory experiments were similar in the range 2,000-20,000 ind. m-2; thus, increased Chironomus density apparently did not increase total grazing rate on sedimentary bacteria. A similar relationship seems to exist for cellspecific bacterial production (Table 3) . A gradual increase was noted between 500 and 2,000 ind. m-2, but at higher chironomid densities cell-specific production was similar among experimental densities. The best agreement between the two methods of calculating the grazing coefficient was found at densities of 6,000 ind. m-2. At the highest density (20,000 ind. m-2), experimental grazing was much lower than would be expccted from the field study; as mentioned previously, these animals may have expe-. rienced stress. Thus, the grazing pressure and stimulation of bacterial growth expressed per chironomid decreased at very high chironomid densities. The higher grazing cocfhcient in the laboratory experiment at 2,000 ind. m-2 compared with the expected is more difficult to explain. It may partly be due to a greater enrichment factor of ingested bacteria than was noted in the field. This result is not what one would expect a priori, especially since continuous additions of newly scdimented material were not simulated in the experiment. Feeding on a flocculent layer created by bioturbation may, however, cause high enrichment. Another reason may be that other elimination factors were favored by the environmental conditions created by the larvae. For example, grazing by meio-and microfauna may have been stimulated by changes in sedimentary physical and chemical conditions.
At densities of 2,000 ind. m-2 or more, chironomid grazing did have a significant effect on bacterial mortality. The fact that apparent grazing pressure on sedimentary bacteria was not proportional to grazer density in the laboratory experiments indicates, however, that indirect effects of the chironomids (e.g. those discussed above) may also be important in determining the abundance and activity of sedimentary bacteria.
